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truduce broad slight zonal errors; hence recourse must 
be had repeatedly to the normal tool. When all trace 
of general curvature has disappeared, any remaining 
zonal errors are eliminated by the use of the normal 
tool, and, if necessary, of the small local or figuring 
tools. 
If a finished plane mirror is available which is not 
smaller than the one being figured, the work is very 
greatly facilitated by continually cold-pressing the 
polishing tools on the finished mirror; every precau­
tion must be taken, however, to prevent injury to the 
figure of the finished mirror by such cold-pressing. 
In some of the writer's early work, in which the 
thickness of mirrors was made only one-twelfth of 
their diameter, it was found that a normal polishing 
tool, as described above, tended to change the mirror 
very gradually toward a concave. This was undoubt­
edly due to the fact that the friction of polishing 
warmed the surface very slightly, thus expanding it 
and making it convex with reference to the pOlishing 
tool; the tool did not follow this change of form read­
ily, hence the central parts of the glass were acted 
upon in excess. Furthermore,such thin mirrors, when 
unsilvered, were so sensitive to slight changes of tem­
perature that the presence of the optician's body 
for a period of two or three minutes, at a distance of 
three feet from a mirror which was set up for testing, 
would throw a previously plane mirror convex by an 
amount many times greater than the smallest amount 
which can be detected by the knife-edge test. When 
the thickness of mirrors is made equal to about one­
seventh of their diameter, their sensitiveness to all 
such temperature effects is very greatly decreased. 
Furthermore, in the case of silvered glass mirrors which 
are used for solar work, the writer has found that thick 
mirrors suffer very much less change of figure from 
exposure to the sun's heat than thin mirrors do. Sil­
vering affords a great protection from changes of tem­
perature, since the silver film furnishes an almost 
totally reflecting surface for heat radiations. 
(To be continued.) 
ELECTRIC IGNITERS FOR GAS ENGINES.* 
By GEORGE M. HOPKINS. 
GAS, gasoline, and petroleum oil engines are daily be­
coming more popular, and not only is the number of 
regular manufacturers becoming very large, but many 
amateurs are trying their hands at the production of 
engines of this class. The field is very fascinating to 
mechanics, but no one knows the amount of experime,nt 
required, or the vexation experienced in bringing out 
a motor of this class, who has not already experiment­
ed in this line. 
One of the most difficult problems is that of provid­
ing all efficient means of igniting the explosive charge 
in the cylinder at the proper instant without intermis­
sions or failures. A red hot tube into which the gas 
is admitted at the right moment is simple, good and 
reliable, so long as the tube lasts, but the tube speed­
ily burns out and requires renewal. Ignition by means 
of a traveling flame necessitates intricate and delicate 
devices which require constant care to prevent failure_ 
The electric spark, taken all in all, is probably the 
best igniter, but even that has its objections. It is 
largely used and is simple. As many amateurs are 
seeldng information on the subject of ignition for gas 
engines, we have prepared illustrations showing the 
principle of the electric igniter, leaving it to the engine 
builder to make the adaptation to the particular en­
gine to which it is to be applied. 
The essential feature of the electrical igniter is the 
spark coiL This does not differ from the spark coil 
FIG. 2.-GAS BURNER WITH ELECTRIC 
IGNITER. 
used in connection with an ordinary illuminating gas 
burner, and the electric lighting attachment to the 
gas burner embodies the principle of the igniter for 
gas engine, but it does not possess the required sta­
bility and lasting quality. The smallest practical coil 
is made by filling a paper mailing tube 7 inches long 
and 1% inches in diameter with annealed iron wires of 
any size from No. 16 to No. 9, the wires being arranged 
in three or four layers around a % wooden core. Upon 
the paper tube are wound four layers of No. 16 cotton-
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covered magnet wire. Before winding the coil, wooden 
heads are secured to the ends of the core, as shown, to 
form a spool. The inner and outer terminals of the 
coil are connected with binding posts projecting from 
one of the heads. 
The ratchet burner in connection with which the coil 
is intended to be used is shown in Fig. 2. The plug of 
the gas cock is provided with two transverse holes at 
right angles to each other, and the outer end of the 
plug carries a ratchet having eight teeth. On the shell 
of the gas cock is placed an angled lever carrying a 
spring-pressed hooked pawl, which engages the ratchet 
construction permits of using heavy parts which do 
not readily wear out or burn out. 
In Fig. 5 is shown a modification, in which the ig­
niter is operated by reciprocating movement. The 
sliding rod to which is attached a contact piece is car­
ried by a sleeve having an insulating lining. When 
the rod is drawn back the movable contact piece slips 
off from the stationary contact, as indicated in dotted 
lines, and a spark is produced, the arrangement of the 
circuit being the same as in the case just described, 
In this case, if the charge is not to be ignited at every 
revolution, a commutator or switch will be connected 
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FIG.l.-THE SPARK COIL. 
on the plug, and a spring is provided for returning the 
angled lever to the point of starting after it has been 
operated. By pulling the angled lever the plug of the 
cock is turned one-eighth of a revolution, so that the 
gas is turned on or off according to the position of the 
holes in the plug. To the upper end of the burner tube 
adjoining the tip is attached a collar which supports a 
wire contact near the slit of the burner. The collar is 
insulated from the burner by a piece of asbestos paper. 
The upper arm of the lever carries a spiral spring ter­
minating in a wire contact arm which makes an elec­
trical contact with the wire supported by the insulated 
collar whenever the angled lever is swung. 
It will thus be seen that by swinging the lever the 
passage in the burner is alternately opened and closed. 
The collar at the top of the burner is connected with 
one pole of the battery and the burner or the bracket 
to which it is attached is connected with one terminal 
01' the spark coil, the other terminal of the coil being 
connected with the remaining pole of the battery. 
When the angled lever is pulled in the manner de­
scribed so as to let on the gas, the spring arm at the 
upper end of the lever comes into contact with the wire 
supported by the collar, thus completing the electrical 
circuit through the coil and connections, causing the 
core of the coil to be strongly magnetized. The fur­
ther movement of the angled lever draws the spring 
arm off from the wire contact supported by the collar, 
and aCthe breaking of the circuit the extra or induced 
current generated in the coil, being of very high poten­
tial, leaps across the space between the contact wires 
and produces a brilliant spark which ignites the gas 
issuing from the burner. 
When it is desired to extinguish the light the angled 
lever is again pulled, revolving the plug of the cock VB 
of a revolution, cutting off the gas supply. A spark is 
again produced at the points of contact, but this is of 
no consequence. 
In Figs. 3 and 4 is shown the adaptation of this prin­
ciple to the ignition of the explosive mixture in a gas 
engine. In the passage which admits the explosive 
mixture to the cylinder is inserted a hollow shaft the 
bore of which is eccentric, and in the shaft is inserted 
a spindle which is insulated from the shaft and carries 
at its inner end a finger piece which is capable of com­
ing into contact with a stud projecting inwardly from 
the casing of the engine. The finger on the spindle is 
held in the proper position for contact with the pro­
jecting stud by a spiral spring surrounding the spindle 
and connected with the hollow shaft, but insulated 
therefrom. The hollow shaft is provided with a spur' 
wheel by means of which it is turned, and the spindle 
FIGS. 3 AND 4.-IGNI'fER FOR GAS ENGINE­
REVOLVING FORM. 
€xtending through the hollow shaft is in electrical con­
nection with one terminal of the spark coil, the other 
terminal being connected with the battery, the battery 
in turn being connected with the engine cylinder. When 
the hollow shaft is rotated in the direction indicated 
by the arrow in Fig. 4, the finger forms a contact 
with the, projection, and the further rotation of the 
bollow shaft, by virtue of the eccentric arrangement of 
the spindle, causes the finger to slip from the projec­
tion and thus cause a spark at the moment of separa­
tion, as in the case of the electric gas burner. This 
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with the rotating parts of the engine which will inter· 
mit the current as may be desired. 
There are many ways in which the making and 
breaking of the electric circuit in the chamber contain­
ing explosive mixture may be effected. The coil might 
have one, two or more additional layers of magnet 
wire. The main difficulty with this igniter is the fail­
ing of the battery. A battery consisting of four or six 
Fuller cells should operate the igniter for several 
weeks. Leclanche cells may be used, but they should 
be connected up so as to produce a quantity of current 
rather than high voltage. 
A small dynamo has been used successfully for the 
ignition. In this case no spark coil is required, the 
extra spark from the machine itself being all that is 
necessary. 
CALORIFIC POWER OF LIQUID FUELS. 
IN a paper recently published in the Revue Tech­
nique, M. L. Levi makes the following comparison be­
tween the calorific values of different fuels used in 
internal combustion engines: 
B. T. U. per lb. 
Methylated alcohol ................. 10,620 
Methylated alcohol mixed with 50 per 
cent gasoline . . . . . . . . . . . . . . . . . . . . .. 14,200 
Crude American oil ................. 19,630 
Refined American oil ................ 19,880 
The mixture of methylated alcohol can, it is stated, 
be used as easily as ordinary gasoline, but unmixed 
with gasoline it is necessary to warm up the carbu­
reter a .little before starting, as the alcohol does not 
vaporize readily enough below a temperature of 68 
deg. F. As an alternative gasoline may be used at the 
start, the alcohol being supplied later. No trouble is 
found with the admission valves in using alcohol, and 
if at times there is a deposit of soot or tar, this arises 
generally from the use of a bad carbureter. A little 
acetic acid results on combustion, but not enough to 
cause damage. The carbureter should be of a type 
which will deal out a measured quantity of the liquid 
at each suction stroke. The exhaust gases are free 
from the unpleasant smell prevalent in the case of gas-
FIG. 5.-IGNITER FOR GAS ENGINE­
RECIPROCATING FORM. 
Oline motors. The principal objection to the use of 
spirit lies in cost, which, to compete with gasoline, 
should be about twenty cents per gallon in place of 
about twice as much, as is at present the case in 
France. In Germany the cost of methylated alcohol is 
only about 18 cents per gallon, so that the alcohol mo­
tor is becoming more and more popular there.-Horse­
less Age. 
According to the Royal Mint, the coin in use in 
Great Britain -including that in bank reserves, as well 
